A comparison of the effect of temperature on the reduction of N2 by purified molybdenum nitrogenase and vanadium nitrogenase of Azotobacter chroococcum showed differences in behaviour. As the assay temperature was lowered from 30°C to 5°C N2 remained an effective substrate for V nitrogenase, but not Mo nitrogenase, since the specific activity for N2 reduction by Mo nitrogenase decreased 10-fold more than that of V nitrogenase. Activity cross-reactions between nitrogenase components showed the enhanced lowtemperature activity to be associated with the Fe protein of V nitrogenase. The lower activity of homologous Mo nitrogenase components, although dependent on the ratio of MoFe protein to Fe protein, did not equal that of V nitrogenase even under conditions of high electron flux obtained at a 12-fold molar excess of Fe protein.
INTRODUCTION
Azotobacter chroococcum has two genetically distinct systems for nitrogen fixation, the well-characterized molybdenum nitrogenase (Mo nitrogenase) (Yates & Planque, 1975 ) and a recently isolated vanadium nitrogenase (V nitrogenase) (Robson et al., 1986a; Eady et al., 1987) . A V nitrogenase has also been isolated from Azotobacter vinelandii (Hales et al., 1986a,b) vindicating the suggestion of Bishop et al. (1980 of Bishop et al. ( , 1982 that azotobacters possess an Mo independent nitrogenase. The V nitrogenase ofA. chroococcum has similar overall requirements for activity, to Mo nitrogenase, but differs in that the VFe protein has an additional low-molecular-mass subunit, and has an a2fl,282 subunit structure (Eady et al., 1988a ) compared with the a2fl2 structure of MoFe proteins. The substrate specificity also differs in that C2H2 or N2 do not compete as effectively with H+ as reducible substrates, and C2H69 in addition to C2H4, is a product of C2H2 reduction (Dilworth et al., 1987 (Dilworth et al., , 1988 . At 30°C under N2 the proportion ofelectron flux through nitrogenase resulting in the reduction of N2 (the electron allocation coefficient) for V nitrogenase is 0.5 , compared with 0.75 for Mo nitrogenase (Simpson & Burris, 1984) 
MATERIALS AND METHODS
The Mo nitrogenase component proteins of A. chroococcum were purified and assayed as described by Yates & Planque (1975) and the V-nitrogenase components as described by Robson et al. (1986a) and Eady et al. (1987, 1988b) . H2 evolution and N2 reduction were determined by standard methods using sodium dithionite as reductant, as described previously (Bishop et al., 1988; Eady et al., 1988a) and modification of the abbreviation system is required. We propose to use AclMO and Ac2MO for the components of Mo nitrogenase of A. chroococcum and AclV and Ac2v for those of the V nitrogenase. AclV, therefore, supersedes Acl*, and Ac2v supersedes Ac2* used previously (Robson et al., 1986a; Eady et al., 1987 Eady et al., , 1988b .
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Vol. 256 (Fig. 1) , ratios which are probably in the physiological range. This is a consequence of the rate of proton reduction increasing with component ratios greater than 4, while N2 reduction is already at a maximum at a 4-fold excess of Ac2V over Aclv.
The effect of the origin of the Fe protein on substrate reduction efficiency
The components of Mo and V nitrogenase of A. chroococcum are sufficiently similar to form functional hybrid nitrogenases (Robson et al., 1986a; Eady et al., 1987 Eady et al., , 1988b 1987) and relatively high rates of H2 evolution in the presence of N2 or C2H2 are a characteristic of the VFe protein.
To establish if the differential effect of temperature on the activity of V nitrogenase when compared with Mo nitrogenase was due to some property of the VFe protein, the activity of both systems, and also the active hybrid Acd M-Ac2V, and Ac v-Ac2MO systems were compared at 10°C and 30 'C. Data for the reduction of N2 and concomitant H2 evolution were obtained at a 4-fold molar excess of either Ac2M0 or Ac2V and are shown in Table 2 . The higher proportion of electrons directed to H2 evolution under an atmosphere of N2 at 30 "C by V nitrogenase compared with Mo nitrogenase still occurred at I "-C in assays containing Aclv. For Ac Mo, although the total electron flux at 30 'C was similar whichever Fe protein was used in the assay, the total electron flux and the activity towards N2 was significantly higher at 10 "C when assayed with Ac2v compared with Ac2Mo. In contrast, the total electron flux through the Ac 1 v-Ac2Mo system was attenuated by Vol. 256 fluorimetrically by the method of Corbin (1984) and H2 by gas chromatography. approx. 4000 compared with AcvI-Ac2v at both temperatures. However, at 10°C the total electron flux and activity towards N2 was greatest when Ac2v was u-sed in the assay (Table 2) . These data clearly indicate that, when assayed at 10 "C, the specific activity of both AclV and AclMo is highest when assayed with Ac2V, and that under these conditions it is the Fe protein associated with V nitrogenase which confers the property of more effective N2 reduction at low temperatures. The overall mechanisms of substrate reduction by Mo and V nitrogenase, although not yet compared in detail, are likely to be similar since hybrid cross-reactions are active, a situation not always observed with Mo nitrogenase components purified from different organisms (see Eady & Postgate, 1974) . The observed differences in temperature dependence on activity may reflect the difference in activation energy of the rate-limiting reaction in nitrogenase turnover. For Mo nitrogenase of Ktebsiella pneumoniae the rate-limiting step at 23°C has been identified as the rate of dissociation of the nitrogenase protein complex, Kp20. (MgADP)2-Kpl red, following electron transfer from the Fe protein to the MoFe protein (Thorneley & Lowe, 1983 Bishop et al., 1988) , the V nitrogenase could potentially make a significant contribution at low temperature under conditions of Mo limitation or where regulation by Mo was lacking, if our observations are applicable in vivo.
It has been shown that bacteroids formed in the Rhizobium meliloti alfalfa symbiotic system can maintain nitrogenase activity (including N2 reduction as determined from the difference in the rate of H2 evolution under Ar and N2) to lower temperature than does Mo nitrogenase when assayed in vitro (Miller et al., 1986) . It has been proposed that this difference is due to a higher adenylate energy charge being developed in bacteroids as the temperature is lowered, resulting in an increase in nitrogenase activity (Miller et al., 1986) . However, in view of the data reported here, this phenomenon could arise from differences in the behaviour of the Fe protein in vivo compared with isolated Mo nitrogenase. Further work is required to clarify this possibility.
